
,Option I ~cHptfon

Current Operation
Maintain the some historical m~Jmum lead

HP Turbine Dense Pack Modifications
Operating Options and Economic and Environmental Analysis

’~lointain the same historical steam flow and’
ncrease turbine/generator output. (Note 7)

Inst~l ~ditional plant improvements to
increase boiler and other systerr~ capac~y.
No new NOx control equipment

4 Install additional planl improvements to
inc~ase boiler and 0that systems OSp0of~y,
Install moderate NOx reduction equipment 0e:
SNCR) 10C MW

SCR) 100 MW

Present Value Annuity Factor (P/A, 6.35 ~,, 2(

Hours of equivalent 0peret}~)niyeor (8750X ~.9
2 Cap, Factor): .... 768~

3 Cost of Fuel (S/Ton); $3~

4 Cost Of ~ep~acemen~ energy ($ff,,~VH)
Avoided maintenan¢,~ cost for the elation

5 Note 1): $5,304,00~

7 Note 2) $12,000,00~

9 3ost of aggressive NOx control equipment: $170,0{30,000

10 ~pe~ting Cost per year for SNCR: $2,058,495

1~ Dpe~aUn9 cost per ~,’ear for SCR: $5.203.~5~

t2 , 3OStgTU/LI] 11,80~
Jrea (SNCR Reogent) Utilizer(an per Ton NOx

13 ’emoved (Tens) 1
iAmmonia (SCR Reagent) Utilization per Ton

14’of NG’x removed (Tons)

Un{t Operation

St=tide Max Heat Rate | Conlgmptlon

5,268 249

Economics

CostI           Yoar

Same -214

40MW -214 Same $9,600,000 $~,137,28(

~OOMW -214 .... 310~,~24 $21,400,000 $37,843t20[

~
~ $19t,400,000-214 310,224 $32,639,25~

~uppl~ =

.b~on) = (Tons)

per Yew = iR~du~l FL~I)(COSt Of Foe)) = ~4,267,25’,

p~yt~sck Pedod = (CapRal Costs o Avoided Costs 0.9~
/E~netit par Year = Yeats

to Cost Ratio = (BeheSt per Yesr)(PV 11.6;
Annu{ty FoctoW(CopRal Costs -Avoided Costs) =

Benefit per Year = (Increased Generation)( Equiv. $37.843,20(
H~a.) (Coo! of R~p~cerr~nl E~r~y) = $
Poybac~ Ps f~od = (Capital Costs - Avoided Costs) ’
tl~nsfit per Year = Years
B~nefit to Cost Ratio = (Benefit per Year)(PV 26.3."
Annuity Factor)l(C~pital C~sts - Avoided Costs) =

Increased Fuel = (Decreased Heat Rate)tin;reded :310,22a
Net Load)(Equiv.Hrs)l(Coat BTUILb)(2OO0
Lbe/Ton) = (Tons)

NA NA NA NA 26109

$9,~400~000 $4,267,28; 0.96 11,6~ ~587

Payt~c~ PedCd = ( Capital Costs- Avoided 0.87
Costs~/8enefrl per Year = years
~e~le~ to COal Ratio = (~ene~ per Year}(PV 1Z,89
S, nnuitY Fector)/(Canita/Coste-Avolde,d, (~oots) = I ir i

~eneflt p~r Year = (Increea~l Generation}( Equiv. $32,639,250
(Cost of Replooement Energy) - Operating
= $

~ayb=ck Period = (C;~itaf Cost= ÷ Interest for
~Ox Control- Avoided Cost~)/Benefit per Year

itene~ to Co~t Ratio = (Benef’ff per Yesr)(PV
~nnui~ Faotol)/(Capital Cost for Upgrade
ntsreal for NOx Control - Avoided Costs)

Not~ 4- Cost of L~raa is ~sed on $0.75 per galen for e 50% l~u~d sol~t~n, Cast of
ammonia is for anhydrous at $0,15/Ib (Current price foe atnmonia u..~d for water tmatrnent
at IGS1.

Note 5- Operating co~t for SNCR hc~udan 1% o~t~e capital cost per year for Maintenance.
I~he Ogerating cost for SCR indedes 2% of the capital cost due to anticipated frequent
r~planernent of cetalyst panels.                         . .....

N~te S- SO2 emt~,ss~oe$ will ~e<ze~se by Installe~n of a device to increase scrubber

w~a. l[s thud imprpvirrg removal ef~an c~/,               , ....

Note 7- Capital cost indud~ arid extra $200,00 for m~nor mod~cations to main
transfo!mer and.i~oph¢oe duct ~o hendts In~ra~ .,~d to~d.



IGS Uprate ~ . .,act Ceordination

Unit 2 Projects
HP Turbine Retrofit

Cooling Tower Performance Upgrade

Boiler Safety Valve Addition

Generator Cooling Enhancements

Isephase Cooling Enhancements

Large Motor Bus Loading Equalization

ID Fan Suction Duct Evaluation

Boiler Feed Pump Performance Upgrad

Main Step-up Transformer Cooling

Burner Replacement

Scrubber Wall Ring

Generator SCW 02 Monitoring

HP Heater Drain Line Mods

Boiler Modifications

Unit 1 Projects
HP Turbine Retrofit

Cooling Tower Performance Upgrade

Boiler Safety Valve Addition

Generator Cooling Enhancements

Isophase Cooling Enhancements

Large Motor Bus Loading Equalization

ID Fan Suction Duct Evaluation

Boiler Feed Pump Performance Upgrad

Main Step~up Transformer Cooling

Burner Replacement

Scrubber Wal~ Ring

Generator SCW 02 Monitoring

HP Heater Drain Line Mods

Boiler Modifications

$10,850

$250
$100,000,00

$100
$t50,000.00
$150,000,00
$150,000.00

$100,000.00

$2,000,000.00

$600,000.00
$100,000.00

$100,000.00

$25O,OOO,O0

$10,850,000.00

$4,800,000.00
$2,000,000,00

$250,000.00
$100,000,00
$100,000,00

$150,000.00
$150,000.00

$150,000.00
$100,000.00

$2,000.000.00

$600
$100,000,00

$100,000.00
$250
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Option O~riptlon
Station Max
Gro=S Load.

Current Ope!afion 1750 MVV
Maintain Re same h)stor)ca) r~a×im~m )oad
with improveq heat rate. ~

2 iMair~tain the same historical steam flow and

HP Turbine Dense pack Modifications
Operating Options and E~onomic and Environmental Analysis

Unit O~em~on , ,, B,¢, ooomica Environmental
S~at~o’~’ ~et Station Fuel I | NOX 302 Em~ion~
HeatR=ta Conaumptten TotaIGapltal Benefit Per Payb~ck|     Benefit/Cost Emissions per per Year
{BTUlKWH) (TON~Pt’EAR} Cost Year , Period (Years)|    Ratto Year (Tons) (Tone) Environmental A==eament

i
Current Emissions tlm~ am 0.5
Ibs/MBTU of NOx and 0.15 Lbs/MSTU of
802. Both Or rolling 30 day average

9500 5,268,249 NA NA ...... NA_ HA 26109 2984 basis.

Same ~ -214 -11 fi,536 $9,400,000 84.267 282 0.90 11.67 -587 ,. -67

2

3

5

9

7

tO

tt

12

’increase turbineJgenerater outptJt. (Note 6)

increase boiler and o(her systems capedty.
No ~ew NO× control equipment 0

40 M’v~ -~14 Same $9,600,000’ $15,137,280 ...... O.2~ ~9.4~ Game Same

100 MW
Install additional plant improvements Io
;ncrease boiler and other systems capacity.

iNote 7).

Present Velds Annuity Factor (P(A, 6.35 %, 20
~ _ tl.~
~a"~t~yea r (8760X 0.9

Cost of Fuel (S/Ton): $3~

(Nots 2): ..... $12,000f00(

Cost of mode[ats NOx control equipment: $15,000,00(

-214 310,224 $21,400,00~ $37.843,20(

-214 310,224 $36,400,00C $35,7~[~4.70,=

Turbine Efficiency Increase (guaranteed by 2.25~
Suppl(er) = . ..
Boiler Heat Input Reducfi0~ = Proportional tO 2.25°,~
Turbine E~cienc~, Increase =
Net Heal Rate Reductioo = 2.25%(9500. 214
BTU/K~/U) =GTU/KWH
Reduced Fuel = (Heat Rate Raduction)($tafio~ 118,53~
Net Load)(Equiv.Hrs)/(Coal BTU/Lb)(2000
Lbs/Ton) = (Tons)

9enefit per Year = (Reduced Fuel}(Cost of Fuel) = $4,267,282

Payback Period = (capital Coats - ,~’~olded �~ts)
Benefit perYear = Years
;enetit to Cost Rafio = (Benefit per Yeat](PV

~.nnutiy Factcr)/(Capits] Costs - Avoided Costs) =

Operating cost per year for SNCR (Note 4):

Coal BTU/LB
(Jtea (SNL;f~ ;~eagent) UtiliZation per Ion r~u~ .....
removed (Tons)

Cost of Urea ~er Ton (N£.ts 3~)

0.0? tz6~ .655~ I .66o

~enefit ~r Year = (Inc~a~d ~ner~tion)( Equiv. ~7,843,20(
~m.) (~st of Repla~ment Energy) = $
=ay~ ~dod =’(Capi~l Cos~ - Avoided C~sts 0.4~

/BeheSt p~ Year = Years
Be ne~t to Cost Refi~.~ ’(Benefit pe~ Year (PV 26.3~
~nu~ F~tor)/(Ca ~al Cos~ -Avoided Costs) =

~or~ed Fue~ = (Decreased Heat Ro~eXl~d

Nat LoadXEquiv.Hr~)/(Ooal BTU/Lb)(2060
LbsFFon) = (Tons)

310,224

11.67 Benefit per Year = (Increased Generation)( Equiv. ~35,7~4,705
Hrs.) (Cost of Replacement Energy) - Operating
Cost/Year= $

$2,058,49.=

~eneflt ~r Year = (Incr~sed Generation)( Equiv. $15,137,280

)ayback Pedod = (C~itsl Costs - Avoided C~ts)’ 0~2~

Paybac.k Period = ( Capital Costs - Avoided CosL~ 0.87
I~enefit per, Year = Years .....
Benefit to Cost Ratio = (Benefit perYear)(PV 12,8~

DRAFT

Current NOx er~ssions rate Is 0.42 Ib~MBTU
an~ ~O2 is 0.048 Ibs/MBTU .

trigger a New Source Review (NSR) or [here should be no change in NOx and SO2
Prevention of S~gn~t Deterioration ~m[sslo~ls rate. Total tons per year reductions
PSD) review. £" ~ ~ra fl"om decreased coal burn. ,,

n~ chongo, increasing toed ~ou~d~ot
be

.=missions, it will be difficult to get this

Soma NOx control w~lf most likely ~ ~8~. S02 emi~ions wiff rower to 0.035
"~u~. . . Lb~MBTU. (Note 5) ......
~e~i~ing Wi~ mode~ts N~

Yote I - Av~d~ main~an~ ~= ~ual8 ~e ~r~al ove~aul ~st for ~e lupine HP
~tion plus ~e avoided oe~ge e~e~on of 3 days to reddish ~e H P no~le blo~.

Note 2 - Cost of addi~i plant improvements ~s"th’~ p~ojects necessary to’increase the
:opacity of all other plant systems to hand~ the ~cteesad ~oed. This ~nctud~s the coo~lng
owem, main transforner, generator cooling and other systems.

.No~e 3 - Cost of Urea is ba~ed on $0.75 per gallon f~r = 50% fiq~k~

Note 4 - OperaSng cost for SNCR includes 1% of the c~pitai cOSt per yea}’~ Maintenance.

Note 5 - SO:~’emissions will decrease I~y installation ~f a dev~co to increase scrubber
removal aff~c~nc~. The de, ice eliminates t~"sn~k~e" ~f ~ue g~ ~ound ~e modu~
walls ~us ~provi~ removal e~ien~.

Note 6 - Cap~{ ~st ~u~a $200,00 for ~1~ ~od~ns ~ maid ~fo~e[
a~ isophase duct to hand~ i~mased ~oad. ~

V
Note 7 - For this e~nom~ one,sis, modem~ N~x ~ucTon ~nology [o a~umed to b~
S~ective Non-Ca~lylic R~uction (SNCR) be~u~ it is ~11 ~oven, Other technologies
~ch as u~t~4ow NOX bume~ will ~ eva~t~ ~m the final ~lon b made.



Description

Maintain the same historical steam flow and
increase turbin~generstor output. (Note 6)

Install additional plant improvements to
increase boiler and other systems capacity.
NO new NOx control equipment

Note 7).

3oat of Fuel ($£ron~

1):

High pressure turbine section retrofit:

Operating cost per year for SNCR (Note 4):

removed (Tons)

Cost at Urea per Ton (Note 3)

HP Turbine Dense Pack Modifications
Operating Options and Economic and Environmental Analysis

Gross Lead

Btatfon Net $tafiSn Fuel
Heat Rate Consumption TotaIGapital

(8TU/KWH) (Totls{Yesr} Cost

Economics

’ IBenefit Per Payback BenefiUCost Emissions pal
Year p~riod (Years]1    R~tlo ~ear(Tons)

Envlronmenf~l m
SO2 Emisaiom

per Year
~Tor~) EnvirontnentM A~4e~ment

1750 MW 9500 5,268,249 NA NA

-2t4 Same $9,600,00~ $15.137,28C

-214 310,224 , ~;21,400,000 $37,843,200

-214 310,224 $36,400,000 $35.784,705

Turbine Effi3~en~ In.ease (gua~nteed by 2.25~
supp(~r) =
~oiler H~t lnpuf Redu~ion = ~po~iqnat to 2.25~
Furbine Efficien~ In.ease =

R~u~d Fuel = (Heat Rate RoducfionX~ta0on 118,5~

Lbs~on) = (Tons)

3snefit per Year = (Reduce~f’Fuel)(~:~st of Fuel) = I $4,26~’,281

~aybsck Period = (Capital Costs - Avoided Cost~ 0.9~
rBenefit p~r Yea~ = Years ,
~enefit to Cost Ratio = (Benefit per Year)(PV 11.6~

~ ~nnui~ Fa~or)/(C~l Cos~ -Avo~d~ Coats) =

~enefit per Year = (Increased Generation)( Equiv. $15,137.28t
-Irs.) (Cost of Replacement EnerNy) = $

0.2~Payback Period = (Capital Costs -Avoided Costs
!/~enoffi per ~ear = Year=         . ,
Benefit to Cost Ratio = (Benefit per Year)(PV              39.4~

NA.           NA 2610g 2~84

0.96 11.6; ,.,,,, -587 -67 .....

0,28

0.43 26.33 2854, -680

0.87 12.89 -6382 -680

Bestir ~r Year = Incma~d Generation)( Equiv.    ~7,~3.2~
(Cost of Repta~ment EnVy) ~ ~

P~ybe~ Pe~d = (Capi~l ~s~ . AVoWed Costs)           0,~

Increased Fuel = (Decreased Heat 310,22~
Bets)(Increased Net Load)(Equiv.Hm)/(Coal
BTU/Lb)(2000 Lb~r/’on) = (Tone)

Benefit per Year = (Increased Generatk~n)( Equiv. $35,784,70~=
Hrs.) ~Cost of Replacement Energy) - Operating
3o~UYear ~ $

=ayback P~fiod = ( Capital Costs- Avoided Costs 0.87
’Benefit per Year = Years
~ene~t to Cost Ra[io = (Benefit per Year)(PV Q.8c‘

~.nnuiiy FaetoQ/(Capital Costs-AvoJde#,Costs} = ..,

3urrent Emissions tlmlts are 0.5
b~MBTU of NOx and 0.15 LbsfMBTU of
~02. Both on roll~ng 30 dey average Current NOx em~sione rate is 0.42 Ibs~li~’TU

and SO2 is 0.048 Ibs/~ABTU

Operating in this manrrer ehould not
trigger a New Source Review (NSR) or There should be no change in NOx and 802
praven~on of Significant De~domtion emissions rata. Total tone pe~ year rsductim’~,
PSD) review, are from decreased ~I bum.

Since tt~ NOx and SO2 emtas]ons should
not change, increasing load should not
mandate s NSR or PSD review. May be
difficult to prove as it varies fr(ml year toThere should be no change in NOx and SO2

81nee we will be Increasing NOx

approved as e "synthetic minor" change,~umss NOx emissions rate increases to 0.44
Some NOx control will most likely be ~s/MBTU, SO2 ernissk)ns will lower to 0.035
required. .bs!MBTU. ~Note 5)

available. Mere aggressive control Assumes NOx emissions will lower to 0.3
SCR) will probably not be required by Lba!MBTU end SO2 emissions willlower to 0.03t

2008 as originally believed. Lb~MBTU

section plus the avo~lad outage extension of 3 days to refurbish the HP nozzle block.

iqote 2 - Co~{ ~)~ add~ona~ plant improvements ~re the projects ne(~essary to increase the
~.apacity of all other plant systems to h~nd~e the theresssd load. This includes the cooling
~owers, main transformer, generator cooling and other systems.

Note 3 - Cost ~f Urea is based on $0.75 per gallon for a 50% liquid soleSon.

Note 4 - Operating cost for 8NOR includes 1% of the central cost per year for Maintenance,

’4ore 5 - 802 emissfons will de~ase by instatiat~on of a’d’e~ice to increase scnJbber
~moval efficlar~y. The device eliminates the"anaaks~le" of flue gas around the m0dots
val~e thus improving removal ~ficiency.

~ote 6 - Capital Cost includes an extra $200,000 f~r minor modlScetJons to main transforms
md isophase duet to handle increased load,

~ote 7 - For t~i~ ~eoonomio analysis, moderate NOx reduction tecilnciogy is assumed to be
~e~ec~lve Non-Catalytic Reduction (SNCR) because it is wellproven, Other technologies

Isuch as ultraJ0w NOX burners will be evaluated before the final deCision ~s made.
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